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Abstract 

Based on the magnetohydrodynamics (MHD) model, an exact arbitrary-amplitude general so- 
lution is presented for oblique propagation of solitary excitations in two- and three-component 
quasineutral magnetoplasmas, adopting the standard pseudopotential approach. It is revealed 
that the necessary matching criterion of existence of such oblique nonlinear propagations in two 
and three-fluid magnetoplasmas share global features. These features are examined for the cases 
of electron-ion and electron-positron-ion magnetoplasmas with diverse equations of state. This 
study also reveals that for electron-ion magnetoplasmas with plasma-frequencies larger than the 
cyclotron-frequency (Bq < 0.137- v /no) a critical-angle of /3 cr = arccos [.Bo/(0-137y / no)] exists, at 
which propagation of solitary excitation is not possible. Coriolis effect on allowed soliton matching 
condition in rotating magnetoplasmas is also considered as an extension to this work. Current 
investigation can have important implications for nonlinear wave dynamics in astrophysical as well 
as laboratory magnetoplasmas. 

PACS numbers: 52.30.Ex, 52.35.-g, 52.35.Fp, 52.35.Mw 
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I. INTRODUCTION 



The collective nonlinear excitations are of fundamental properties of ionized environ- 
ments, which occur in periodic and solitary forms. The first experimental evidence of the 
ion-acoustic solitary excitations was realized by H. Ikezi, et.al, in 1970 [1]. Also, Sagdeev 
pseudo-potential method is one of the oldest J3] and remarkably simple but effective 
approaches for investigation of the nonlinear propagations in plasmas, which is analogous to 
the classical problem of a particle trapped in a potential. During the past few decades, there 
has been many investigations on the nonlinear wave propagations in diverse magnetized and 
unmagnetized plasma kinds 4j-[9), using Sagdeev approach. However, even in a simple two- 
fluid plasma interesting wave phenomenon occur due to a large mass difference between 
electrons and ions. Recently, it has been shown 10( that in a simple electron-ion quantum 



plasma the criterion for the existence of solitary excitations is fundamentally governed by 
the system dimensionality and the ion degrees of freedom (DoF). On the other hand, it 
has been remarked [11] that the ion-temperature can have crucial importance on nonlinear 
wave dynamics in degenerate electron-positron-ion plasmas. Historically, the nonlinear ion- 
acoustic wave tfieo ry has bee, deve.oped to incfi.de a finite io „-te m pe r at Ur e effects QQ 
because of quantitative discrepancies between theory and experiment. 

One of the greatest challenges of plasma research is to understand the nonlinear processes 
in astrophysical environments. For instance, the origin of high-energy superthermal (non- 
Maxwellian) charged particles, observed in solar wind, magnetosphere, interstellar medium 



and auroral zone 
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15| , is one of the unsolved problems in the field of space and astrophysi- 



cal plasmas. Many dense astrophysical objects such as white dwarfs, usually accompanied by 
strong magnetic fields, are considered as completely degenerate alike ordinary metals 16|, in 
which the inter-electron distances are much lower than the characteristic de Broglie thermal 
wavelength, / t /(27rm/c B T) 1 / 2 The electron de gen eracy state, such as that encountered 
in normal metals is caused by Pauli exclusion rule [l8[. The state of plasma degeneracy has 
been recently studied using the remarkably simple and effective Thomas-Fermi approxima- 



tion, where, it has been shown 
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211 ] that electron degeneracy may lead to distinct features 



in nonlinear solitary interactions and propagations. For ultradense plasmas with electron 
densities as high as 10 18 cm~ 3 (such as in white dwarfs), where the exchange effects may be 
dominant, the Thomas- Fermi approximation has to be extended to Thomas- Fermi-Dirac ap- 
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proximation [22|. Investigations confirm [23J that, the relativistically degenerate Fermi-Dirac 
dusty plasma, unlike the simple Thomas- Fermi counterpart, accommodates a wide variety of 
nonlinear excitations. In some massive white dwarfs, the catastrophic gravitational pressure 
may lead to the extreme relativistic degeneracy state, consequently, giving rise to the total 
collapse of the star [l6[ • The thermodynamical features of a superdense degenerate electron 



gas has been studied in Refs. [24j . |25| in both nonrelativistic and ultrarelativistic limits, 
employing the Fermi-Dirac quantum statistics. 

For fusion-like astrophysical compact object such as a white-dwarf the partial or finite- 
temperature degeneracy assumption may be more relevant compared to the zero-temperature 
degeneracy model. Unfortunately, the effect of finite-temperature electron degeneracy has 
not been paid sufficient attention in the study of nonlinear wave dynamics in superdense 
plasmas, whereas, it is the most relevant situation for astrophysical cases. In this work 
we examine the most general criterion for the existence of the solitary ion excitations in 
magnetized plasmas. We also demonstrate the relevance of this study for a many instances of 
electron-ion and electron-positron-ion magnetoplasmas, with electron distributions ranging 
from classical Maxwell to relativistic Fermi-Dirac electrons/positrons. The presentation of 
the article is as follows. The basic normalized plasma equations are introduced in Sec. [Til 
A general nonlinear arbitrary-amplitude solution is derived in Sec. IIII1 Applications to 
electron-ion magnetoplasmas are presented in Sec. IIVI The study is extended to electron- 
positron-ion magnetoplasmas in Sec. |VJ The effect of Coriolis force is considered in Sec. 
IVTl Finally, conclusions are drawn in section IVHI 

II. BASIC MAGNETOHYDRODYNAMIC MODEL 

We consider a collisionless quasineutral uniformly magnetized plasma consisting of posi- 
tively and negatively charged species. The magnetic field, Bo, is directed along the x axis. 
The basic conventional magnetohydrodynamics equations, then, take the following form 

,h,± + V ■ (n±u ± ) = 0, u ± = xu x ± + yu y ± + zu z ±, 



Oj- -r v • yu±u±) — u, u ± — xu, x ± -r yu y ± 

eg. + k ■ v) u+ + ^v^ + ^vp + K) - x *) = o, 

^ O + («- • V)u_ + c c _(u_ x x)) + ^VP>_) = ^V0, 



n_ n + , 
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where, u±, m± and u c ± = eB /m± are the positive/negative charged species velocity, mass 
and cyclotron frequencies, respectively. In order to obtain a dimensionless set of equations 
we use general scaling defined below 

V^-^V, *-)•—, n±^n n±, u ± -»■ c + u ± , 0^-0, P± ->• eP±, (2) 
A + w p+ e 

where, w p+ = ^A7Te 2 n /m + , X + = c + /u p+ and c+ = a/ e/m + are the characteristic plasma 
frequency, ion gyroradius and sound-speed the values of which along with the parameter e 
will be defined later based on the charge distribution. Using the quasi-neutrality condition 
and assuming m + ^> m_, the normalized set of equations (i.e. ignoring the bar notation) 
read as 

f + V-(mi+) = 0, 

%t + ( U+ ■ V)u + + V0 + ^ - u(u + x x) = 0, (3) 

where, Co = u c+ /u p+ is the normalized magnetic field strength. Taking u + = u, we rewrite 
f + V-(nu)=0, 

§ + (u ■ V)u + - w(u x x) = 0, P(n) = P+(n) + P_(n). 

Now, without loss of generality, lets consider only two-dimensional perturbations 
in x-y plane for simplicity. Hence, the simplified set of equations to be solved 
are as follows 

d t n + d x {nu x ) + d y {nu y ) = 0, 

d t u x + (u x d x + Uydy) u x + = 0, 

d t Uy + [U X d X + Uydy) Uy + _ Q U _, = Q, 

d t u z + (u x d x + Uydy) u z + an^ = 0. 

In the next section we will solve Eqs. (jHJ) in the most general form without using specific 
equation of state for charged particles. 



III. GENERAL ARBITRARY- AMPLITUDE SOLUTION 



Here, we seek for the most general appropriate Sagdeev pseudo-potential which describes 
the possibility of nonlinear electrostatic excitations in the magnetoplasma given by Eq. ([3]). 
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Being interested in stationary wave solutions moving at constant velocity, we reduce Eq. (J5]) 
to stationary frame reference by changing into the new coordinate £ = k\\x+k±y— Mt, where, 
M = V/c + is the normalized matching soliton-speed and k 2 + k\ = 1, where, (3 = arccos/cy 
is the angle between soliton propagation direction with that of the magnetic field. By a 
trivial integration with appropriate boundary conditions ( lim n = 1), the reduced form 

U X ,Uy— >0 

of Eqs. ([5]) become 

(-M + k\\u x + k±u y ) = -M/n, 
(-M + k\\u x + kj_u y ) d^u x + ^-d^P(n) 
(-M + k\\u x + k±u y ) d^Uy + ^d^P(n) 
(— M + k\\u x + k±Uyj d^u z + 



(6) 



LUU ? 



iou q 



0. 



Combination of the equation set ([6]) gives rise to the following general differential relation 



d fl 

d£, \n 



d 2 



M 2 



dt? \2n 2 u 2 



+ ^>{ri 



1 



nkl dV\ 



n) 



0, V(n) 



n d n P{n) 



dn, 



M 2 d£ Ji n 

where, \&(n) is the generalized effective potential due to the total plasma pressure P(n 
After integration with appropriate boundary conditions, we obtain 



(7) 



de 



M 2 



2n 2 uj 



7,2 



+ ty(n) 



nk\ f n 

+ -j^ J nd n ^(n)dn - n + 1 = 0. 



(8) 



Finally, a trivial algebraic manipulation assuming the same boundary conditions, leads to 
the well-known energy integral of the form 
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o. 



(9) 



with the desired pseudo-potential, given below 
U{n) = 



1 - ri + 



n'kf, 
TP' 



ft' n"d n »V(n")dn* 



dn' 



d„y?(n) - 



M 2 



2n 2 u) 2 



M 2 
2lu 2 



M 2 , M 2 



+ fr + /" d n ^{n')dn' - ft n'd n ^(n')dn' 



(10) 



3 Ii n '~ 2 Si n"d n ,^{n")dn" dn' + ^ ft n 'd n ^{n')ft n"d n „^{n")dn" 



dn 1 



which, after some algebra, results in a generalized pseudo-potential of the form 



U(n) 



d n P{n) 



P(n=l)-4 



M 2 



ft ^dn' + P(n = 1) (i - 1) + g2,[P(n) - P(n = 1)] 



2d) 2 \n 2 1 ) Q 2 \n L ) ^ Jl 



n d n ,P(n') 



dn' - P(n)+ 
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The possibility of solitary excitation relies on three conditions to satisfy, simultaneously, 
namely 



U{n)\ 



dU(n) 



n=l 



dn 



0. 



d 2 U(n) 



71=1 



dn 2 



< 0. 



(12) 



71=1 



It is easily observed that the potential, Eq. (jlip . and its first derivative vanish at n = 1, as 
required by the first two possibility conditions. Moreover, the direct evaluation of the second 
derivative of the Sagdeev potential (Eq. (ITT]) ) at n = 1, leads to the following generalized 
condition 



d 2 U{n) 



dn 2 



n=l 



M 2 



M 2 /A 2 - kj 
M 2 /A 2 -tu< 



A 2 = d n P(n) 



n=V 



(13) 



It is clearly observed that, for the existence of oblique solitary propagations, the matching- 
speed should satisfy the following general inequality 



k\\ < ^ < ui; uj > k\\ 



uj < 



M 



< kn] fcii > UJ 



(14) 



However, some important features are to be noted here. First, it is remarked that, for u> p+ > 
uj c+ (uj < 1 i.e. -Bo/i/^o < 0.137) a critical-angle, (3 cr = arccosw ~ arccos [Bq/ (0.137 y/rio)] , 
exists at which the propagation of solitary excitation is not possible. This can be of some 
importance for nonlinear wave dynamics in astrophysical rotating magnetoplasmas (rotation 
effects is considered in Sec. IVIj) . The effect of magnetoplasma rotation on kinetic Alfven 



solitary propagations has been considered in Ref. [26|]. It is believed that strong magnetic 
field as high as 10 8 (T) and number density up to 10 20 (m~ 3 ) for the relativistic electrons 
and positrons can exist in the vicinity of pulsar magnetic poles [27|. Second, it is revealed 
that, for uj > k\\, the lower/upper soliton matching speed-limit is independent from the 
external magnetic field magnitude/direction and for uj < ku, the lower/upper soliton match- 
ing speed-limit is independent from the external magnetic field direction/magnitude. The 
above condition is a fairly simple but very general relation the special cases of which will be 
examined in Sec. IIVI This generalized criterion can even be easily extended to collisional 
magnetoplasmas similar to the treatment presented in Ref. 



28| . The present general result 



also justifies the special cases presented in Refs. 0, Q-^Tj. In Sec. |Vl we will show that 
this generalized condition is also applicable to the most general case of electron-positron-ion 
magnetoplasmas. However, it should be noted that, the above condition does not apply to 
the case of unmagnetized plasmas. 



IV. APPLICATIONS IN ELECTRON-ION MAGNETOPLASMAS 



In this section we presents some applications of the derived generalized condition for 
electron-ion magnetoplasmas with different electronic distributions and u > 1. In all the 
cases presented below the pressure of ions is taken as Pi = rCk B Tije^ where 7 = (/ + 2)// 
is the adiabatic constant with / being the ion DoF. Note that the presented results are 
equally valid for both cases of 7 = 1 (isothermal-ion) and 7 > 1 (adiabatic-ion) plasmas. 



A. Maxwell-Boltzmann Electron Distribution 



For the Maxwell-Boltzmann classical electron distribution, n e = e^, and normalized 
ion pressure of form Pj = cm 7 , with a = Ti/T e and e = k B T e (see Eq. (J2])), we de- 
rive k\\y/jcr + 1 < M < uiy/^a + 1. This relation predicts soliton-speeds of V > c + 
(c + = ^Jk B T e /rrii) for the normalized ion-temperatures of a > (cu~ 2 — 1)7 -1 . 



B. Non-Maxwellian Supperthermal Electron Distribution 

For Kappa distributed super-thermal electron distribution n e = (1 — (fi/k)~ k+1 / 2 |38( with 
k > 1/2 and the same normalized ion pressure with o = Ti/T e and e = ksT e , we obtain 
fc|| V /7<r + 2fc/(2fc- 1) < M < u^J^a + 2k/(2k — 1). Therefore, similar to the Boltzmann 
electron distribution, this gives soliton-speeds of V > c+ (c + = ^JkBT e /rrii) for a > (lj~ 2 — 
2k/ '(2k — 1))7 _1 . It is noticed that in the very large limit of spectral index (k — > 00) the 
soliton matching condition is reduced to that of Maxwell-Boltzmann. 



C. Zero- Temperature Thomas-Fermi Electron-Gas 

For degenerate Fermi electron-gas normalized pressures of the form P e = 2n 5//3 /5 and 
Pi = an 1 with a = Ti/T Fe 1 {T Fe is the electron Fermi-temperature) and e = k B T Fe , 
we have, k\\^J^a + 2/3 < M < 0)1/70- + 2/3 which gives soliton-speeds of V > c + (c+ = 
^k B T Fe /mi) for a > (aT 2 - 2/3) 7 - 1 . 
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D. Finite- Temperature Thomas-Fermi Electron-Gas 



For finite-temperature trapped degenerate electrons with normalized density of form n e = 
(1 + (j)fl 2 + T 2 (l + (j))- 1 ' 2 [39] and classical ion pressure P { = an 1 with a = Ti/T Fe < 1 
and e = k B T Fe , we get, k\\y/ja + 2/(3 — T 2 ) < M < Gj^/^o + 2/(3 — T 2 ). Note that 
for the limit T — >■ (zero-temperature Fermi electron-gas) the results given for the zero- 
temperature Thomas- Fermi electron distribution is deduced. Note also that, the increase 
in plasma temperature, T, leads to widening and shift of the allowed soliton-speed range to 
higher values. It is clearly remarked that there is an "unusual" upper-limit value for the 
plasma temperature T max ~ y/3 in finite-temperature case. In the quantum plasma cases 



presented below, the quantum Bohm-potential term has been neglected [23] compared to 
other terms in Eqs. ([1]) due to small electron-to-ion mass ratio. 

E. Zero- Temperature Fermi-Dirac Relativist ically Degenerate Electron-Gas 

For relativistically degenerate electron properly normalized pressure, P e (v) = 
^ j?7 (2rf — 3) a/1 + if + 3sinh _1 ?7 j [24], where, r] = r/on 1 ^ 3 is the relativity parameter 
tin = (no/iVo) 1 / 3 (iVo = 87r ^| c ~ 5.9 x 10 29 cm -3 ) is the relativistic degeneracy parameter 



40| and the ion-pressure of form Pi = an 1 with a = ksTi/ (m e c 2 ) ~ and e = m e c 2 , 
we derive the matching condition, k\\rj (l + Vo)' 1 ^/^ < M < ur] (l + r] 2 )' 1 ^ / \^3. It is 
clearly noted that the increase in the relativistic degeneracy parameter, 770, (increase in 
plasma mass-density [3]) leads to the widening and shift of the soliton-speed range to 
higher values. For typical electron density of a white dwarf uq ~ N (r] ~ 1), we deduce 
0.48fc|| < M < 0.48w. 

F. Finite- Temperature Fermi-Dirac Relativistically Degenerate Electron-Gas 

For finite-temperature relativistically degenerate-electron normalized pressure of the form 



24] 



PM = {?/ (2r? 2 - 3) v / TT^ 2 + 31n [77 + y^l+^f 
+47T 2 e 2 r ]v ^Tl + 77c 4 e 4 V - 3 ^fTl{2r] 2 - 1) /15 + . . . } 



(15) 



s 



where, 6 = k B T e /(m e c 2 ), r\ = t/qu 1 ^ is again the relativity parameter and i] = (n /N 



a/3 



(N 



87rmf c 3 
3h s 



5.9 x 10 29 cm 3 ) is the relativistic degeneracy parameter and for ion pressure 



and e = m e c 2 , the solitary excitations exist in 



'40r/8 + 20tt 2 ?7 4 (1 + 2r] 2 )9 2 + 7tt 4 # 4 



• (16) 



of form Pi = an 1 with o = ksTi/ (m e c 2 ) 
the following relative speed-range 

k I ^H + 20^(1 + 2fyg)02 + 7ttV ^ M ^ _ 

"V 120r ?0 6 V / r+^ ^ V 12 H 6 V / l+^ 

It is remarked that, for = (complete degeneracy limit) the result given for the zero- 
temperature Fermi-Dirac model is obtained. On the other hand, for the typical electron 
density of white dwarf, n ~ N (r/ — 1), we get 

A:,, V0.23 + 3.50 2 + 46 14 < M < uV0.23 + 3.50 2 + 40 4 . (17) 

It is generally concluded that the increase in the normalized electron-temperature, 6, leads 
to the broadening and shift of the allowed soliton speed-range to higher values. 

V. EXTENSION TO ELECTRON-POSITRON-ION MAGNETOPLASMAS 



Following the methodology previously used, we rewrite Eq. 



as 



|f + V ■ fam 



0. 



^ + (a* • VH + V0 + - w(u, x x) 

together with 



V0 



VF f (n f 



V0 



VP p (n p ) 



n e -n p & m 



(18) 



(19) 



Again considering perturbations in x-y plane and changing to the new coordinate 
£ = fen re + fej_y — Mt and solving Eqs. (fl9|) with appropriate boundary conditions lim = 



and lim ni iep = {1, a, a — 1}, where a = n e0 /n i0 > 1 (the special case of a = 1 leads to the 



quasineutral electron-ion magnetoplasma) , results in a relation of form 
case the Eq. ([71) appears as 



(rii). In this 



d r i 

df In* 



dT 2 l{Ul ' 



+ 1 



+ 



M 2 di 

Furthermore, the Sagdeev pseudopotential reads as 



0. 



(20) 



U(rn 



d r ,^An,:) - 



M 2 



M 2 



M 2 
2uj 2 



M 2 _| M 2 , 
I* ,-,2 I 



2M 2 



+ P d^iin'^dn'i - P n'id^iin'^dn'i - $ J™ 1 < 2 / nJ nf{d n ^i(nf{)dnf{ 



dn'i 



(21) 
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where 



rii 



drij 



(22) 



The generalized pseudopotential for electron-positron-ion magnetoplasma can be written as 



dr, 



rii) + 



d ni Pi(ni) 



M 2 



M 1 
2 ni 2 Cj 2 

-1 



M 2 
2Q 2 



M 2 _| M 2 
i ,7,2 



riiUi 



IT Kd^n^dn't + PM)\?] + /r nj ^P^dn* + #nj)|? 



(23) 



It should be noted that, in general, obtaining a trivial bounded solution of the form = 
4>{rii) might not be possible. However, fortunately we will only need the quantity d ni 4>(rii), 
calculation of which is feasible in most of the cases. Using the general condition, Eq. (IT5|) . 
it is clearly observed that, for u > 1 the following similar rule applies to soliton matching- 
number 



h < 



M 



\J [dnMrii) + d ni Pi(ni)]\ n . =l 
which is equivalent to 

±i = sj iAW^I^o + d rH Pi{ni)\ ni=l . 



(24) 



M _ 

k\\ < — < u 

" A,; 



(25) 



Here, we show the application of Eq. ( 1251) to a wide variety of electron-positron-ion mag- 
netoplasmas. As before, we assume that Pj(nj) = nJ/c^Tj/e, where 7 = (/ + 2)// is the 
adiabatic constant. Respectively, for magnetoplasmas with Maxwell-Boltzmann, Kappa, 
Thomas- Fermi and Fermi-Dirac electron/positron distributions, we have 



Boltzmann 



Kappa 



Thomas — Fermi 



Fermi — Dirac 




fe+1/2 



(a-l)(l + fi<P/k)- k+1/2 



n,. 



a(l + 



,3/2 



n.,. 



(a-l)(l-u0) 3/2 



u = ^ 



11 - Iee 



y/l + a 2 /3 ne 2/3^2 _ ^1 + a 4/3 



l + (a- if Wo 



a 



10 



(26) 

The normalized matching soliton-speed in this case is also bounded through inequality of 
the form, k\\ < M/A, < u for Q > k\\ and viceversa, where 



Boltzmann A, = Jja + [a+/j( 1 Q _ 1)] ° = § 



Kappa A, = J^a + (2fc _ 1)[a 2 " M(a _ 1)] <? = § 



Thomas - Fermi Aj = 4/7(7+ , u <r = ^ 



3[a+ M (a-l)] U T Fe 

Fermi - Dirac A; = Vo/V * ■ 770 = (^) 1/3 

V(a-l) 1/3 V / l+(°-l) 4/3 '?0+« 1 /V 1 +° 4/3 % 2 ° 



(27) 



Note that in the limit a — > 1 the results given above become identical with that for the 
electron-ion cases presented in Sec. IIV1 From Eqs. (|27p . it is remarked in general that, the 
increase in the fractional ion-temperature, a, or the ion DoF, /, shifts the soliton speed- 
range to higher values slightly broadening the soliton-speed range, while, the increase in 
fractional electron to ion number-density, a, or positron to electron temperature ratio, /x, 
shifts the soliton speed-range to lower values, slightly narrowing the corresponding speed- 
range. Furthermore, it is observed that the increase in relativistic degeneracy parameter, rjo, 
always shifts the normalized speed-range to higher values and broadens the allowed Much- 
number range. From standard definitions it is noted that, in the non-relativistic Fermi-gas 

h 2 k 2 

limit for degenerate electrons and positrons, we have Epj = 2m Fj (j = e,p), i.e., for the 
non-relativistic Thomas- Fermi case we have; /x = ((a — l)/a) 2//3 . In the ultra-relativistic 
Fermi-gas limit, we have Epj = chkFj, consequently, for the ultra-relativistic Thomas-Fermi 
case we have; /x = ((a — l)/a) 1 ^. Note that for the Fermi-Dirac case 770 1 and r/o 3> 1 
correspond, respectively, to the non-relativistic and ultra-relativistic degeneracy cases. 

VI. EXTENSION TO ROTATING MAGNETOPLASMAS 

The Coriolis force which has negligible effects in laboratory scale, may play a dominating 



role in cosmic magnetoplasmas. Chandrasekhar [4l|, based on his study on thermal insta- 
bility, has pointed out that the Coriolis force can have significant effects on the stability 
of a viscous flow in the presence of magnetic field. In this section we extend the problem 
of oblique solitary propagations to include the Coriolis effect. This work can be readily 
accomplished, for instance, for the case of magnetoplasma with rotation frequency paral- 
lel/antiparallel to magnetic field direction by substitution of u) in Eqs. (j4]) or (fT5|) with 
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= lo ± 2u r /ujpi, where, u r is the rotation angular frequency |42j and other parameters 
have their usual meanings. Now, based on our general solution, we have for the soliton 
matching condition; fcn < M/A < Co ± 2u r /cu P i for u ± 2u r /u P i > kn and viceversa, with the 
A values presented in Sec. |V]for different distribution functions. It is clearly remarked that 
the Coriolis force generally shifts the upper matching soliton-speed to higher/lower values 
by a factor 5V up = 2u r XiA (for ou ± 2u r /u P i > k\i), where, Aj = a/ m e c 2 / (47re 2 njo) is the ion 
gyroradius. Figure 1 depicts the variation of the effect of Coriolis force with the normalized 
plasma mass-density for the case of zero-temperature Fermi-Dirac magnetoplasma presented 
in Sec. IIVI It should be noted that the parameter 7] is related also to the mass-density 
(of white dwarf, for instance) through the relation p ~ 2m p n or p(gr/cm 3 ) = p Po with 
Po(gr I cm 3 ) ~ 1.97 x 10 6 , where, m p is the proton mass and the cases p(= p/po) <C 1 and 
p> 1 correspond to the nonrelativistic and ultrarelativistic degeneracy limits, respectively 



43( | . The density po is exactly in the range of a mass-density of a typical white dwarf (the 
density of typical white dwarfs can be in the range 10 5 < p(gr/cm 3 ) < 10 9 ). From Fig. 1, 
it is observed that, the Coriolis effect dominates for the case of normal plasma degeneracy 
(p <^ 1) and becomes less important as the plasma get ultrarelativistically dense (p> 1). 



VII. CONCLUDING REMARKS 



We derived a general condition for existence of solitary oblique propagations in a two 
and three-fluid magnetoplasmas based on magnetohydrodynamics model using the Sagdeev 
potential approach. It has been revealed that the lower and upper matching soliton-speed 
limits are universally define by the strength and direction of the external uniform magnetic 
field. Effect of other plasma parameters on the matching speed range is only to shift the 
range to higher or lower values. This calculation can be used in the cases of a wide variety 
of electron-ion, electron-positron-ion and dusty magnetoplasmas and can be extended to 
multifluid magnetoplasmas with arbitrary electron/ion pressure-density functions and can 
be useful in both laboratory and astrophysical studies including rotational effects. 
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FIG. 1: 

FIGURE CAPTIONS 

Figure- 1 

Variation in normalized upper soliton matching-speed, SV up /u r , with respect to the nor- 
malized plasma mass-density, p, for the case of zero-temperature Fermi-Dirac relativistically 
degenerate plasma. 
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